




Abstract—Considering the challenges of short product life cycles 
and growing variant diversity, cost minimization and manufacturing 
flexibility increasingly gain importance to maintain a competitive 
edge in today’s global and dynamic markets. In this context, an 
aerodynamic part feeding system for high-speed industrial assembly 
applications has been developed at the Institute of Production 
Systems and Logistics (IFA), Leibniz Universitaet Hannover. The 
aerodynamic part feeding system outperforms conventional systems 
with respect to its process safety, reliability, and operating speed. In 
this paper, a multi-objective optimisation of the aerodynamic feeding 
system regarding the orientation rate, the feeding velocity, and the 
required nozzle pressure is presented. 
 
Keywords—Aerodynamic feeding system, genetic algorithm, 
multi-objective optimization.  
I. INTRODUCTION 
HE purpose of the research for optimal parameter values 
in the aerodynamic feeding system is to maximise the 
orientation rate of workpieces in the feeding line. However, 
there are cases in which it can be necessary to consider 
parameters themselves as objectives. For instance, it is 
conceivable that in addition to achieving the highest possible 
orientation rate, it is also desired to attain minimum nozzle 
pressure, so as to reduce the costs of the compressed air 
required. Consequently, what began as a case of mono-
objective optimisation has become a multi-objective nature. 
The aim of this paper is to show how the mathematical model 
of workpiece orientation in an aerodynamic feeding system, 
that was hitherto considered solely mono-objective, can be 
expanded into a multi-objective model and subsequently 
solved with the aid of a multi-objective genetic algorithm. 
II. MULTI-OBJECTIVE OPTIMISATION USING GENETIC 
ALGORITHM 
There are many problems in practice that are characterised 
by competing objectives, in which sole concentration on one 
objective alone leads to unacceptable results with other 
objectives [1], [2]. In the field of engineering science, it is 
common to place a focus on several objectives 
simultaneously [1]. In multi-objective problems, no single 
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optimal solution exists, but only a quantity of pareto-optimal 
solutions, in which no objective can be improved without 
causing degradation of the other objectives [3]. 
Genetic algorithms are a popular metaheuristic, suitable for 
the solution of multi-objective problems [1]. Around 70% of 
all approaches towards solving multi-objective problems with 
the aid of metaheuristics are based on evolutionary 
methodology [1]. For example, [4] used a genetic algorithm 
for solving a bi-objective transportation problem. A genetic 
algorithm for a multi-criteria flow shop scheduling problem 
was proposed in [5]. In addition, in [6], i-objective 
optimisation was executed by minimising total wire length and 
failure in printed circuit board design. Moreover, [7] used a 
multi-objective genetic algorithm to design telecommunication 
networks. 
In general, there are two ways of modifying algorithms with 
regard to multi-objective optimisation. The first involves 
transferring the individual objectives into a single objective 
function. The other is to view all objectives except for one as 
restrictions. Objectives are incorporated in the set of 
restrictions by setting relatively arbitrary upper and lower 
limits for each individual objective. [1] This might have an 
effect on the solution space, such that certain parameter 
combinations that would lead to a desired objective function 
value are excluded from the optimisation process.  
According to [1], the first way, in which individual 
objectives are merged within a fitness function, is the classic 
approach to solve multi-objective problems by using genetic 
algorithms. Fonseca and Fleming also write that the procedure 
of weighting individual objectives in an aggregated objective 
function is a common method of solving multi-objective 
formulations [2]. However, it is necessary to standardise and 
weight the individual objectives [1]. The great advantage of 
this method is the simplicity of its implementation [1]. The 
main difference between genetic algorithms used for solving 
multi-objective problems and conventional genetic algorithms 
is the modified fitness function [1]. 
One difficulty encountered when modelling all objectives in 
a single fitness function is to select the values of their 
weightings [1]. It must be taken into account that even small 
changes in weightings can lead to strongly fluctuating results 
[1]. 
III. MATHEMATICAL FORMULATION OF MULTI-OBJECTIVE 
OPTIMISATION IN AN AERODYNAMIC FEEDING  
SYSTEM 
The process of workpiece orientation in the aerodynamic 
feeding system is performed on an inclined plane with a 
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A. Results of the Multi-Objective Optimisation with 
Analytical Determination of the Orientation Rate 
The results of the simultaneous optimisation of orientation 
rate O and nozzle pressure p are presented in Fig. 2 in a value 
range of gp = 0.1 to gp = 0.9. In accordance with (9), the value 
for gO is found from gO = 1-gp. A total of 10,000 simulations 
were performed for each weighting ratio. 
 
 
Fig. 2 Results of simultaneous optimisation of nozzle pressure p and orientation rate O 
 
It is striking that the orientation rate does a jump from 
O ≈ 100% to O ≈ 88% when the weighting is increased from 
gp = 0.1 to gp = 0.2 and subsequently remains approximately 
constant when gp is increased further. The pressure drops as 
expected as the weighting increases from p ≈ 0.275 bar when 
gp = 0.1 to p ≈ 0.224 bar when gp = 0.2 and ultimately to 
p ≈ 0.22 bar when 0.3 ≤ gp ≤ 0.9. A similar progression can be 
observed with the velocity v. It falls from v ≈ 75.7 m/min 
when gp = 0.1 to v ≈ 64.4 m/min when gp = 0.2 and 
subsequently v ≈ 63.8 m/min when 0.3 ≤ gp ≤ 0.9. The great 
similarities in the progression of nozzle pressure p and 
velocity v are due to the high level of interaction between 
these two parameters, as identified by [10]. Busch et al. also 
noted a high influence of nozzle pressure and velocity on the 
orientation rate [10]. This fact explains the similar 
progressions between nozzle pressure and velocity on the one 
hand and orientation rate on the other. Moreover, the two 
angles  and  alter significantly when gp = 0.1 changes to 
gp = 0.2. The angle of gradient a drops from  ≈ 20.7° when 
gp = 0.1 to  ≈ 19.5° when 0.2 ≤ gp ≤ 0.9. The angle of 
inclination  rises from  ≈ 45.5° to  ≈ 48.8°.  
As with the drop in velocity v, the drop in  is due to the 
fact that workpieces must slide correspondingly slower over 
the nozzle as the nozzle pressure falls to ensure that the 
duration of force is sufficient to produce the angles of rotation 
required to effect a turn.  
The increase in  can be explained by the fact that as lateral 
inclination increases, the proportion of the workpiece's weight 
that counters rotation falls. Accordingly, the increase in  
ensures – as does the reduction in  and v – that incorrectly 
oriented workpieces tend towards rotation rather than 
remaining in their original orientation, even if the nozzle 
pressure is too low. However, it should be noted that the 
influence of the angles  and  is very slight compared to that 
of p and v [10]. However, despite their low impact, the results 
show that they should not be neglected in the optimisation 
process, because they attune themselves in accordance with 
the weighted objectives and are though important factors in 
maximising the objective function. For example, an increase 
in  and a reduction in  by 2° each, when gp = 0.5 
(p ≈ 0.22 bar and v ≈ 63.8 m/min) would produce an 
orientation rate of no more than 79% rather than 88%. 
The results of the simultaneous optimisation of the 
parameters orientation rate O and velocity v are shown in 
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Fig. 3 Results of simultaneous optimisation of velocity v and orientation rate O 
 
The orientation rate O varies within the range 0.1 ≤ gv ≤ 0.8 
when O ≈ 100%. When gv = 0.9, the orientation rate drops to 
O ≈ 97.4%. Velocity v rises steadily as its weighting increases 
from 76.5 m/min to 77.0 m/min, although with a weighting of 
gv = 0.1, the velocity is already high. The strong correlation 
between velocity and nozzle pressure is also apparent from 
Fig. 3. Here, the high velocity leads to a constantly high 
nozzle pressure of p ≈ 0.28 bar. The values of  and  vary 
within a smaller interval in comparison with Fig. 2. Thus,  
only varies within a range of 20.34° and 20.55° and  within a 
range of 44.1° and 45.18°. Taking into account the lower and 
upper limits of a (18.4° - 22.2°) and b (39.8° - 49.6°), it is 
moreover apparent that both parameters are very close to the 
mean value of their respective ranges. This observation – that 
neither  nor  follows any clear or significant trends in 
relation to the weighting of the velocity gv – is due to both 
parameters having only a small impact on the orientation rate 
in a simultaneous consideration of orientation rate and 
velocity. To observe the impact of  and  more closely in 
this scenario, the lower and upper limits are placed in the 
function determined by the design of experiment, to determine 
their impact on the orientation rate. With a velocity weighting 
of gv = 0.5 (  ≈ 44.7°, p ≈ 0.28 bar, v ≈ 76.9 m/min) setting  
to 18.4° or 22.2° respectively produces a change in orientation 
rate of max. 0.4%. The change in  to 39.8° or 49.6° 
respectively when gv = 0.5 (  ≈ 20.4°, p ≈ 0.28 bar, 
v ≈ 76.9 m/min) produces a maximum fluctuation in the 
orientation rate of 0.06%. Similar results are produced with 
other weighting ratios between orientation rate and velocity.  
These results confirm that the impacts of the angles in a 
simultaneous consideration of orientation rate and velocity are 
very small when the nozzle pressure and velocity are close to 
their upper limits. In contrast, when simultaneously 
considering the orientation rate and the nozzle pressure, the 
effect of the angles  and  is larger when the nozzle pressure 
and the velocity take on values that are close to their lower 
limits. Accordingly, it can be established that the results of the 
design of experiment, which show that the impact of nozzle 
pressure and velocity is significantly larger compared to the 
angle settings, are confirmed by the investigations on multi-
objective optimisation. Furthermore, the investigations 
performed in this paper show that optimisation must not 
neglect consideration of the angles, because they have a 
significant impact on the objectives when pressure and 
velocity have low values. It can be concluded, following the 
investigation of the first two scenarios, that a high level of 
interaction exists between the nozzle pressure and the velocity. 
High nozzle pressures favour high velocities and low nozzle 
pressures favour low velocities.  
The results of the third scenario, in which maximisation of 
the orientation rate with simultaneous minimisation of nozzle 
pressure and maximisation of velocity is investigated, are 
presented in Fig. 4. The angles  and  will not be presented 
in a three dimensional diagram in relation to the weightings gp 
and gv, due to their small influence compared to nozzle 
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a pressure weighting of gp ≥ 0.4, in conjunction with a 
reduction in nozzle pressure. Accordingly, it is apparent that in 
the simulation, there is a strong correlation between nozzle 
pressure and orientation rate.  
The results obtained by simulation for scenario 2 are 
presented in Fig. 6. It can be seen that the nozzle pressure is 
constantly very close to its upper limit, as in Fig. 3. Again, the 
velocity approaches its maximum value of 77 m/min as gv 
increases. The angle of gradient  shows no significant trend, 
as in Fig. 3. The angle of inclination  increases slightly as gv 
increases and varies within a very small interval, as with the 
analytically determined orientation rate. It is striking that the 
orientation rate drops very strongly as the velocity weighting 
gv increases. Therefore, it can be noted that low orientation 
rate weightings gO have a bigger effect in the simulation than 
in the analytically determined orientation rate. 
 
 
Fig. 5 Results of simulated optimisation of nozzle pressure p and orientation rate O with simulated determination of orientation rate O 
 
 











































































































World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering
 Vol:9, No:12, 2015 





























































































g. 7 Results of 
The results 
essure, veloci








en gp is low
zzle pressure 
w values wh
lue of p ≈ 0.2
ntrast, it is 
creasing the w




essure is not a
termined by t
All in all, ma
















ence on the n
r progression
 and nozzl





en gp = 0.1. I




 of nozzle 
Fig. 5, leads
 interaction 
s strong as it 





 used in dete
hermore, som
el may hav







tion rate are 
ate O falls wit
e velocity 
ozzle pressure







n Fig. 4, noz
eighting of g
 lower limit
there is an inc
 observation t
pressure and
 to the conc
between ve
is in the orien
xperiment.  
s but also m
e analytical o
ly with respec
s may be due
rmining the 
e of the assum
e produced 
en into accou
 rate as deter
ated in rel
tem on the ba












o Fig. 4 is th
ation rate hav
zle pressure 
p = 0.1. In Fig
. Not even 













nt that the fu
mined in the d
ation to the
sis of a few se
refore afflict
 






































































































uses on the 
tion in an aer
m. Besides m
n of the nozz
o decrease c
he feeding ve









) for their fi
1. 
REFER
oit, D. W.; Sm
ing genetic alg






















 in the contro
EDGEMENT  
 thank the G
nancial suppo
ENCES 

























l unit of the 
erman Rese




























World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering
 Vol:9, No:12, 2015 





























































[2] Fonseca, C. M.; Fleming, P. J. (1998): Multiobjective optimization and 
multiple constraints handling with evolutionary algorithms. I. A unified 
formulation. In: IEEE Trans. Syst., Man, Cybern. A 28 (1), S. 26–37.  
[3] Belyaev, A.; Maag, V.; Speckert, M.; Obermayr, M.; Küfer, K.-H. 
(2015): Multi-criteria optimization of test rig loading programs in 
fatigue life determination. In: Engineering Structures 101, S. 16–23.  
[4] Gen, M.; Ida, K.; Li, Y.; Kubota, E. (1995): Solving bicriteria solid 
transportation problem with fuzzy numbers by a genetic algorithm. In: 
Computers & Industrial Engineering 29 (1-4), S. 537–541. 
[5] Murata, T.; Ishibuchi, H.; Tanaka, H. (1996): Multi-objective genetic 
algorithm and its applications to flowshop scheduling. In: Computers & 
Industrial Engineering 30 (4), S. 957–968.  
[6] Deb, K.; Jain, P.; Gupta, N. K.; Maji, H. K. (2004): Multiobjective 
Placement of Electronic Components Using Evolutionary Algorithms. 
In: IEEE Trans. Comp. Packag. Technol. 27 (3), S. 480–492. 
[7] Kumar, R.; Parida, P. P.; Gupta, M.: Topological design of 
communication networks using multiobjective genetic optimization. In: 
2002 World Congress on Computational Intelligence - WCCI'02. 
Honolulu, HI, USA, 12-17 May 2002, S. 425–430. 
[8] Busch, J.; Quirico, M.; Richter, L.; Schmidt, M.; Raatz, A.; Nyhuis, P. 
(2015): A genetic algorithm for a self-learning parameterization of an 
aerodynamic part feeding system for high-speed assembly. In: CIRP 
Annals - Manufacturing Technology 64 (1), S. 5–8.  
[9] Busch, J.; Knüppel, K. (2013): Development of a Self-Learning, 
Automatic Parameterisation of an Aerodynamic Part Feeding System. 
In: AMR 769, S. 34–41.  
[10] Busch, J.; Schneider, S.; Knüppel, K.; Nyhuis, P. (2013): Identifying 
interactions in a feeding system. In: International Journal of Mechanical, 
Aerospace, Industrial, Mechatronic and Manufacturing Engineering 10, 
S. 931–937. 
World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering
 Vol:9, No:12, 2015 
2091International Scholarly and Scientific Research & Innovation 9(12) 2015 scholar.waset.org/1307-6892/10003067
In
te
rn
at
io
na
l S
ci
en
ce
 I
nd
ex
, I
nd
us
tr
ia
l a
nd
 M
an
uf
ac
tu
ri
ng
 E
ng
in
ee
ri
ng
 V
ol
:9
, N
o:
12
, 2
01
5 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
10
00
30
67
